haplotypes than by random immunizations. Selective matings can be carried out and homozygosity for part or all of the "H" region can be identified. This study describes how this procedure enabled us to help clarify the DL-A system. The segregation patterns of the obtained antisera were compared with the results of mixed lymphocyte culture (MLC) 1 tests. The specificities of the obtained antisera were also compared in the general dog population with a panel of antisera produced in most cases by random immunization (4) .
Materials and Methods
Dogs.--The pedigree of the colony studied is depicted in Fig. 1 67 offspring (generation III, F~). Random dogs were obtained from local animal handlers. Only mongrels which were unrelated were used. Cytotoxicity Typing.--Typing was done with a modified one-stage microlymphocytotoxicity test (13) . Lymphocytes were washed in Earle's balanced salt solution and resuspended in rabbit complement. Preliminary typing was done with a panel of 69 canine alloantisera (4) .
Immunizations. Cells for immunization were prepared from 50 ml of heparinized venous blood. Red cells were sedimented with 5% dextran (tool wt 200,000) in isotonic saline, 1 vol dextran to 5 vol of blood. The mixture was incubated for 30 miu at 37°C, and the leukocyterich supernatant was centrifuged for 10 rain at 400 g. The cells were washed twice in isotonic saline and resuspended to a volume of 1-2 ml. Two immunizations, a week apart, were carried out by intradermal injections at four sites. Subsequent intravenous injections of 10 ml of heparinized blood were administered weekly until antibodies against the immunizing donor were demonstrated. The animals were then bled and the sera stored in small aliquots in glass vials at --70°C.
Titrations. All serial dilutions of antisera were made in inactivated dog serum, which was neither toxic nor potentiating.
Mixed Lymphocyte Cultures. Dog lymphocytes were isolated on FicollJsopaque gradients as used for serologic typing (13) .
40 ml of venous blood were collected in a siliconized bottle, containing 40 ml of Medium 199, buffered with 5 mmol N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (TC199H) (How Laboratories, Irvine, Ayrshire, Scotland; no. 1-049), and glass beads. After gently shaking for 10 rain the defibrinated blood was layered in 8-ml aliquots on 4 ml of FicolMsopaque and the gradient was centrifuged for 15 rain at 1,000 g. The lymphocyte-rich interface was harvested and washed twice in complete medium, TC199H supplemented with 10 mmo] L-glutamine, 10 ~ U of penicillin/100 ml, and 20% fetal calf serum. This procedure routinely' yielded preparations of which 8(~90% were lymphocytes. Two-way MLC tests were performed in triplicate in 1-ml vol, and were prepared by mixing equal volumes of cells whose initial concentrations were 2 X 106, 1 X 10 ~, and 0.5 X 10%'ml. Such dose response cultures were necessary to determine the optimal concentrations of cells in each experiment. One-way MLC tests were established employing conditions that preliminary-experiments indicated to be optimal. The stimulating cells were diluted to between 2 and 6 X 106 cells/ml and treated with mitomycin C (A. Christiaens s.a., Brussels) at a final concentration of 1.6/~g/ml at 37°C for 30 min. The cells were then washed with TC199H and resuspended to the desired cell concentration in complete medium. Triplicate 1-ml cultures were established with the responder population at a final concentration of 0.5 X 106 cells/ml and the stimulating cells at final concentration of 1 X 10 G, 0.5 X I06, and 0.25 X 10 G cells/ml. Table I shows the presumptive haplotyping of the A2 X C3 mating, which was selected for the first intrafamilial immunization. Haplotyping was done on the basis of 10 informative sera from a panel of 69. It should be noted that the haplotyping was somewhat ambiguous, i.e., for C21 and antisera 5 and 9. An immunization scheme (Fig. 2 ) was used to produce the antisera recognizing 
each of the parental chromosomes. When positive reactions were demonstrated against the immunizing donor cells, the serum was used in titration against the whole family. Table II shows the results in the optimal dilution. It can be seen that all four haplotypes can be assigned unambiguously on the basis of these results. This table clearly demonstrates the mendelian codominant character of the "system." The sera were named after the dogs in which they were produced.
[]
Fie. 2. Plan of immunization in the A2 X C3 family.
TABLE II Results of Typing of A2 X C3 Mating with the Sera Obtained in This Family by Consequent
Intrafamilial Immunization Antisera, with dilution used
The F1 generation C1-C5 were typed with the obtained antisera, as well as the litters they produced. In all litters, the reactions with the two sera, for which the father is positive, appear to segregate and to be mutually exclusive. In contrast, C1 and C2 reacted positive only with serum C16, while some of their offspring were negative with that serum. This in all probability implied that an antigen on one haplotype was recognized by serum C16, while the product of the other haplotype escaped detection. In order to recognize this haplotype one more selective intrafamilial immunization was carried out, and the resulting serum, C32, gives mutually exclusive positive reactions with serum C16, Table III . Table IV summarizes the typing of the offspring from the C families in the F2 generation, N = 57. Observed and expected nmnber of haplotypes show an excellent fit.
To check the validity of the serologic data MLC tests were performed. DL-Aidentical dogs C63 and C47 born from different bitches in the colony were tested. Experiments were carried out on 2 separate days. Table V shows the very low stimulating index of the serologically identical dogs as compared with nonidentical pairs. From the mating A2 X C5 ( Fig. 1 ) with the haplotypes a/b and a/d, respectively, the offspring C35 and C37 with the phenotypes a, and a, b were born. As all four haplotypes in the parents could be identified, the possibility was considered that C35 was homozygous for the haplotype a. MLC tests were performed, which fully confirmed this assumption, Table VI .
The reactions with the antisera, obtained by consequent intrafanfilial immunizations, were compared with 69 antisera recognizing previously described groups. Table VII shows the X ~ associations between the antisera and the currently proposed DL groups for both dogs in the colony and for 102 unrelated dogs. 
single maternal haplotype in the A2 X C3 mating, the data suggest that this antiserum detects at least one specificity appearing on one chromosome in C3 and on both chromosomes in B2. Serum C21, produced against A2 cells, is shown to recognize a specificity carried by the maternal haplotype in the A2 X B2 mating. By immunizing with A2 cells an antiserum (B27) was produced which showed only paternal segregation in the family. The presumptive haplotyping is shown in Table VIII . The sibs B22 and B31 cannot be haplotyped serologically; they can both be either a/c or a/f. They were tested in MLC reaction against cells from a cousin, carrying the haplotypes a and c. B22 failed to show stimulation, while B31 cells reacted positively, confirming that these dogs inherited different maternal chromosomes. The serologic data and MLC findings therefore provide evidence for at least two loci coding for DL-A. In C3 the specificities are in cis position, while in B2 they are in trans.
DISCUSSION
By consequent intrafamilial immunization reagents were rapidly developed that recognized all haplotypes in this canine colony. Since canines are commonly used for grafting experiments, accurate histocompatibility testing is of crucial importance in evaluating maneuvers designed to alter the immune response. Canine histocompatibility testing has been described using panels of antisera obtained by immunization between random dogs or littermates (6, 4, 14) . Although accurate selection of DL-A-identical siblings is successful in most instances, large panels of antisera are required and ambiguous or incomplete family typing is not unusual. The evaluation of such antisera is a prolonged procedure and satisfactory panels may require years to develop (4) . In the present study highly accurate serologic reagents were obtained in less than 6 mo. In addition, precise typing was possible utilizing minimal technical time and analysis.
In the present study a panel of reagents detecting DL-A antigens were available, providing a basis for selective intrafamilial immunization. This, however, is not an absolute prerequisite. Random immunization of siblings with paternal and maternal cells without preliminary haplotyping should also be effective in developing reagents. The subsequent testing of the family with the reagents produced provides an internal genetic check on the quality of the antisera and optimal conditions for its use. Although planned intrafamilial immunization has been carried out in man (8) , for practical reasons this is difficult to do in a complete fashion. It should be noted, that the present studies indicate no evidence of cross-reactivity in the reagents obtained. Theoretically, cross-reactivity of antisera against antigens not present in the immunizing donor could interfere with clear-cut recognition of the segregation of the parental chromosomes. The problem of cross-reactivity has been clearly demonstrated in HL-A antisera and represents an unknown variable in interpreting data in the DL-A system (15) . The apparent lack of cross-reactivity with the present reagents may be due to the cessation of immunization when clear-cut positive results with the immunizing donor were obtained. In addition the antisera were only used in dilutions which gave the optimal segregation patterns.
These studies revealed that consequent intrafamilial immunization is an excellent technique for identifying homozygous individuals in a closed colony. This was confirmed by one-way MLC in the appropriate serologic setting. The ability to select homozygous individuals for experimental transplantation studies has obvious advantages. The precise H typing described provides a basis for rapid identification of crossing-over and formal proof of a two loci DL-A system. In 67 offspring of the Fa generation of the colony crossing-over was not detected. However, the serologic reactions in the A2 X B2 mating do provide additional support for the population analysis of Vriesendorp et al. indicating at least two subloci in the DL-A system (4).
The accurate H typing of this colony will make possible investigations for the presence of an immune response locus linked to, but separable from DL-A. Canines would seem ideal for such studies in a large, randomly bred species. In man increasing evidence indicates the existence of an MLC locus outside of the HL-A region (1) . These findings may be of considerable importance when unrelated HL-A identical donor-recipient pairs are used in tissue grafting experiments (16) . As previously demonstrated in man and dogs, H typing correlates well with MLC reactivity in sibships (17, 18) . The present studies extends these observations to members of a canine colony that are not of the same litter.
SUMMARY
A procedure of intrafamilial immunization is described for production of antisera recognizing DL-A haplotypes. In a colony consisting of 1 sire, 6 bitches, and 67 offspring all haplotypes could be accurately allocated. In the colony the observed reaction frequencies of the antisera are in agreement with mendelian codominant inheritance. Mixed lymphocyte culture tests confirmed the accuracy of the serologic typing and the presence of homozygous individuals within the colony. Further evidence is presented supporting the presence of two or more subloci within the DL-A system. Colonies of canines such as the one described should provide a sensitive system for evaluating interaction between serologic DL-A typing, MLC reactivity, and imnmne response genetics in a nonrodent species which is not highly inbred.
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